Small nerve fibre sensory function was assessed by psychophysical estimates of cutaneous thermal thresholds in 30 patients who presented with the symptoms of painful burning feet. Thresholds were abnormal in 12 and normal in 18 patients although symptoms in the two groups were very similar. Various hypotheses for the mechanism of pain in small fibre neuropathy have been proposed previously and these are discussed, but the cause of symptoms in patients with normal thresholds, is unknown. The possibility exists that these patients have a neuropathic disorder which affects only those unmyelinated fibres involved with pain.
The symptoms and signs of a peripheral neuropathy depend on whether the neuropathic process produces "positive" or "negative" features.' Negative manifestations result in loss of light touch, vibration and joint position sense if predominantly large fibres are affected. If small fibre loss predominates, pain and temperature sensation are defective, and the patient may present with painless plantar ulceration. Neuropathic damage which causes small myelinated and unmyelinated fibres (those fibres which convey nociception and thermal sensations) to become generators of positive phenomena, may present with pain in a glove and stocking distribution or just pain and burning in the feet.
In patients complaining of painful feet, a diagnosis of small fibre neuropathy should be considered. Appropriate investigation of this disorder has presented a considerable problem in the past. Nerve conduction studies with surface electrodes measure conduction in the fastest conducting, large diameter myelinated fibres and are therefore of little value in detecting small fibre neuropathy. Near nerve needle electrode recordings of compound nerve action potentials, with averaging over a 1000 times, yields waveforms in which late, slowly conducted potentials can be resolved,2 but do not show activity of unmyelinated fibres. Of the few methods available which can assess unmyelinated fibre function, microneurography3 and morphometry4 are well established, but both are invasive and unsuitable to apply routinely. However, psychophysical estimates of cutaneous thermal thresholds are simple, non-invasive tests, acknowledged to be of value in the assessment of small fibre sensory function."
Patients and methods Patients Thirty patients (six male, 24 female, age range 21-81 years) with painful, burning feet as their predominant symptom, were investigated. They had all been referred by neurologists from the National Hospital for Neurology and Neurosurgery, suspected on clinical grounds of suffering from small fibre neuropathy, other possible causes such as orthopaedic disorders and inflammatory fasciitis having been excluded as far as possible on clinical grounds. A clinical history was obtained by one of the investigators (SJMS or CJF), corroborated when necessary from the case notes made by the referring clinician.
Group differences in symptoms and signs were compared using the chi-squared test.
Nerve conduction studies All patients underwent standard nerve conduction studies using surface recording and stimulating electrodes." 12 Sensory action potentials of the median, ulnar, and sural nerves were measured and motor conduction velocity in the ulnar and lateral popliteal or posterior tibial nerves. Measurements were made at room temperature without heating the limb.
Psychophysical estimation of thermal thresholds Cutaneous thermal thresholds were estimated using a computer controlled warm and cold stimulus generator."' Stimuli were delivered from a thermode made of a Peltier junction module, sandwiched between a thin copper plate and air-cooling fins, with a thermo-couple embedded in the copper plate to monitor the temperature at the skin-thermode junc-tion. The test consisted of a warning tone followed by a dynamic thermal ramp stimulus of predetermined intensity and the subject asked to respond "yes" or "no" as to whether the stimulus was felt. Stimuli were of progressively diminishing amplitude and randomly interspersed among real stimuli were "catch" trials, when no temperature change followed the warning tone; these allow the reliability of the subject to be assessed. Threshold was calculated by the microcomputer using an algorithm similar to that devised by Dyck'4 in which the mean was taken of all values between the last three turns, or in this instance "no s". On average eight test levels are needed to define threshold using this method. Threshold for cooling was tested first as all subjects found the cooling stimulus less subtle than the warming one. The test protocol for warming was identical except that the polarity of the current through the thermode was reversed.
The thermode was attached to the nonkeratinised skin on the instep of the foot. Both sensory modalities were tested on one foot and if those results were abnormal the other foot was also tested to confirm the deficit was genuine. As with all psychophysical tasks the subject's full cooperation was critical and efforts were made to ensure an abnormal result was due to impaired sensation rather than an inability to perform the test adequately.
Control data were collected earlier from 1 16 subjects, 60 men and 56 women, age range 18-73. These were mainly healthy volunteers recruited from hospital personnel, although healthy subjects over 65 years old were sought outside the hospital. The effect of age on thresholds was examined using least squares regression methods and examination of the residuals showed that the simple linear regression formula provided the best fit to the data. ' figure) .
The mean duration of symptoms in patients with abnormal thresholds (mean 3-7 years, range 2 weeks-20 years, SD 5 3) was less than that in patients with normal thresholds (mean 5 6 years, range 9 months-20 years, SD 5 6) although this difference was not statistically significant.
Six patients with normal thresholds and three patients with abnormal thresholds complained of painful feet as their only symptom (table 1). The nature of the pain varied; some patients described a sharp shooting pain, whereas others complained of a dull continuous ache or throbbing pressure felt in the feet and lower part of the legs. In some cases, the pain had an unpleasant dysaesthetic quality, and was likened to a sensation of insects crawling beneath the skin of the feet or pins being stuck into the legs. Most patients found that the pain was worse at night. Two patients with normal thresholds and three patients with abnormal thresholds could obtain some relief from their pain either by hanging their legs out of bed, walking around, or applying pressure to the soles of their feet.
There was no obvious difference between the two groups for quality or severity of pain.
Eight patients with normal thresholds and three with abnormal thresholds described a There was a significant difference (p < 0-02, chi-squared test) in the number of patients from each group who complained of both burning and pain in their feet; seven patients with abnormal thresholds, but only three patients with normal thresholds described both symptoms. Patients with abnormal thresholds were also more likely to have abnormalities on clinical examination with a reduction in pinprick sensation in the lower limbs in seven compared with only two of patients with normal thresholds. This difference was significant (p < 0-01, chi-squared test).
Nerve conduction tests were abnormal in only one case; this patient also had abnormal thresholds for warming and cooling. Sensory action potentials (sural 4 uv, median 5 uv) and the compound muscle action potential from the extensor digitorum brevis (2 8 mV) were of low amplitude; motor conduction velocity in the ulnar and lateral popliteal nerves was normal.
None of the remaining patients had abnormal sensory action potentials or motor conduction velocities, although the mean amplitude of the sural sensory action potential was smaller (see table 2) in the group with abnormal thresholds (p < 0-01, Mann-Whitney U test).
Four patients in the group with abnormal thresholds had sural nerve biopsies with morphometry, confirming a predominantly small fibre neuropathy.
A possible aetiological factor was identified in eight of the 12 patients with abnormal thermal thresholds (table 3) . Two gave a history of alcohol abuse; three patients were known or found to be diabetic (one insulin dependent and two maturity onset). In one case, the sural nerve biopsy showed evidence of vasculitis (case 7); this patient's symptoms appeared a few days after he had been given Cotrimoxazole for sinusitis. He complained ofvery severe pain and burning and had abnormal nerve conduction studies in addition to abnormal thresholds. In one further patient, (case 10) polycythaemia was thought to be responsible for the neuropathy and in the remaining case, the diagnosis was a drug related (perhexilene) neuropathy (case 1 1).
Of the 18 patients with normal thresholds, none was found to be diabetic or to have any other history relevant for a small fibre neuropathy. Three patients had long standing intermittent low back pain, two had a history of ischaemic heart disease, one was found to have an iron deficiency anaemia and one was a chronic epileptic on long term anticonvulsant medication (phenytoin).
Discussion
Psychophysical estimates ofthermal thresholds in this group of 30 patients with painful, burning sensations in their feet demonstrated abnormalities compatible with a small fibre neuropathy in only 40%. Of the 12 patients with abnormal thermal thresholds, four had nerve biopsy which confirmed damage to a significant proportion of small fibres; in all four patients a possible aetiological factor was present, that is, diabetes, vasculitis, neuropathy related to polycythaemia and drug related neuropathy. Of the eight patients with abnormal thresholds who did not have a biopsy, a possible relevant history was found in four (diabetes or alcohol excess) and a combination of this and the abnormal thresholds was considered sufficient by the referring clinician to make a diagnosis of small fibre neuropathy. In the four remaining patients, no definite diagnosis was reached. None of the patients with normal thresholds had medical histories suggesting a cause ofsmall fibre neuropathy and none had sural nerve biopsies.
The mean amplitude of the sural sensory action potential was smaller in the 12 patients with abnormal thermal thresholds, although in only one patient was the amplitude below the lower limit of normal for our laboratory. This suggests additional large fibre involvement in some patients.
Although there was no clear difference in the nature of the symptoms between the two groups, patients with both pain and burning in their feet or those who had reduced sensation of pinprick on the feet, were more likely to have abnormal thermal thresholds.
It is unlikely that the thermal threshold testing system employed in this study was insufficiently sensitive to detect abnormalities of sensation. The control ranges for thresholds on the soles of the feet using this device showed a positive correlation with age,"3 which is a powerful indicator of biological sensitivity. Also in another study 11 patients who had had diabetes for more than 20 years but were without symptoms ofneuropathy, were subjected to a battery of sensory tests and nerve conduction studies, and an impairment of perception of warming using the technique employed here, was the commonest abnormality. 5 Perception of warming requires a high degree of spatial summation 6 and since the proportion of unmyelinated fibres which convey this modality is low, any peripheral nerve pathology which damages the population of unmyelinated afferents will be manifest by causing an abnormally high threshold for warming. Thus in 60% of this group of patients with symptoms of pain and burning in the feet, a test which is sensitive and appropriate for unmyelinated afferent dysfunction, was normal. It can, however, be argued that an abnormality might have been demonstrated had estimates of thermal pain been made (although not technically feasible using the apparatus employed here) since it is now recognised that painful syndromes exist in which heat and cold hyperalgesia can be demonstrated in the absence of warm or cold sensory deficits. 17 In a review of aspects of pain in peripheral neuropathy, Thomas made the point that spontaneous pain is not a feature of neuropathies which cause a selective loss of large myelinated fibres but is a prominent symptom of neuropathies that have been shown to result in relatively selective small fibre loss.' The mechanism for pain in the presence of small fibre neuropathy has been considered in several reviews"'2' and the hypothesis that pain is a positive manifestation of nerve fibre disease affecting the nociceptive afferents seems eminently plausible. The precise pathophysiological basis of symptoms, however, is far from being understood.
In a study which examined nerve fibre pathology in teased sural nerve biopsy specimens from a group of patients with peripheral neuropathy, some of whom had moderate to severe neuropathic pain, an association between painfulness and the occurrence of acute breakdown of myelinated fibres was shown. The authors explain that since it was not possible to distinguish between myelin remnants from large and small myelinated fibres they were not able to provide direct evidence that painfulness was correlated with degeneration of a particular nerve fibre group. 22 Others have argued that there is evidence from morphological studies that the presence of dysesthetic pain correlates with sprouting of -unmyelinated fibres.20 It has been suggested that in a distal axonopathy, axonal sprouts may become generators of spontaneous activity behaving in the same way as proximal fibre stumps in neuromas.2" Alternatively, pain could be arising from ephaptic transmission of either ascending or descending impulses crossing into pain fibres. '9 Evidence is accumulating from microneurography studies that in some instances, positive neurogenic symptoms may be due to abnormal afferent fibre activity.'2'24 As yet, however, no microneurography recordings have been made showing spontaneous activity in C-fibres in patients with painful neuropathy.
Tenable hypotheses exist as to the cause of painful burning feet in patients with peripheral neuropathy. The almost indistinguishable symptoms in the group of patients with normal thermal thresholds are more difficult to explain. It seems probable that alterations in the central nervous system could produce peripheral sensations of pain and this may be the mechanism underlying the syndrome of "painful legs and moving toes" described by Spillane et al5 Schott reported five such cases who developed painful legs and moving toes following trauma to the feet and proposed that the trauma may have set up a spreading irritative central disorder possibly in the lower spinal cord. 26 Ekbom's syndrome is another disorder in which there is a combination of pain in the legs relieved by movement.27 Although some cases are associated with a neuropathy,2" this is not a prerequisite and two cases of restless legs have been described in association with arborising telangectasia. 29 A yet further possibility exists which is that pain is arising from the nerve endings in nerve trunks-the nervi nervorum. Such a mechanism would be consistent with normal peripheral nerve function and therefore the findings of normal thermal thresholds. Other expected clinical features of such a disorder were not seen; there was no noticeable tenderness of the nerve bundles and symptoms were not exacerbated by movement or any other procedure that might have stretched the nerves.
Ochoa recently described a new syndrome, the "Painful ABC syndrome" (Angry Backfiring C nociceptor syndrome).0 This has been proposed as a specific disorder of the conductance channels of the receptor membrane of C nociceptors. These receptors, usually responsive to both heat and painful mechanical stimuli, become disordered in such a way that they operate in a state near to threshold due to "up-regulated thermal activation" and any incremental change resulting from mechanical stimulation is sufficientto bringfiring frequency to a level for conscious sensation. This has been called "cross modality threshold modulation" and the phenomenon of pain, induced either by increasing temperature or light mechanical stimulation, has been referred to as "polymodal hyperalgesia". The patients described as having this new syndrome presented with localised burning pain, hyperalgesia on thermal or mechanical stimuli, and gave histories illustrating the phenomena of cross modality threshold modulation. A notable finding was relief of symptoms by cooling the affected part. Although five patients in our series gave a history of relief from pain by placing their feet in cold water, only one had erythema and skin warming accompanying the pain. This exception (case 7) was shown on biopsy to have a vasculitic, small fibre neuropathy and in retrospect, probably had the "Painful ABC syndrome". We were unaware of the significance of the observation of the effect of cooling on symptoms at the time of the study, but these patients were all so troubled by their symptoms and eager to report any further self-observation that might have provided a clue as to the cause of their affliction, that it is unlikely we missed other cases of this syndrome. While carrying out the temperature threshold testing, a striking observation was the normal appearance of the patients' painful feet.
There remains the real possibility that the patients with pain and normal thermal thresholds have a neuropathic disorder which affects only those unmyelinated fibres involved with pain.'7 In summary, the essential finding from this study is that a high proportion of patients with painful burning feet have normal thermal thresholds and possible pathophysiological mechanisms for their symptoms remain obscure.
The nerve biopsy were carried out by Dr Jean Jacobs. We wish to thank Dr R G Willison and Dr Jose Ochoa for helpful discussion and invaluable advice. We also thank the physicians at The National Hospital, Queen Square for permission to study their patients. ZA was supported by a grant given by Inperial
